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1, HE direct utilization of the natural forces in the 
development of power suitable for human activi­
ties has been for centuries a matter of continuw 
scientific research. 
To a limited extent these forces have been used 
from the dawn of civilization in the common forms 
of the windmill and various types of water-driven 
motors. It has not, however, been hitherto possible 
to practically utilize the central dominating forces of 
nature-the sun's heat-in any direct manner, though 
obviously all power generators are dependent upon 
this great source for their existence. 
For many years engineers and physicists have been 
occupied with this problem; notably Ferry, Millochan, 
Mouchat and Tellier in France; Guntner and Althaus 
in Germany; and Langley, John Ericsson, and Willsie 
in America. These experimenters based their 
,efforts either upon the use of lenses or mirrors to 
concentrate the sun's rays upon a small surface, or 
,'pon the heating of fluids of a low-boiling point, with 
subsequent power generation from the vapor under 
pressure. It has always been attempted to create 
vapor at high pressure, and then utilize this in the 
ordinary engine, hut with the high temperatures in­
volved, the losses by conduction and convection are so 
great that the power produced was of no commercial 
value. Where lenses or mirrors are used, the primary 
cost of the lenses., .and the apparatus necessary to 
continuously present them toward the sun, have ren­
d ered them impracticable. 
Where fluids of low boiling point, such as ether, sul­
phurous acid, and liquid ammonia were used, the re­
sults were of little value by reason of the inherent 
inadequateness of these fluids as power generators. 
A sun-power plant, in order to be practicable, must 
possess, first, high efficiency; low cost of installation 
and maintenance; well-marked length of service; and 
should not require specially trained mechanics for its 
operation. 
In order to be efficient, it is not necessary that the 
plant generate continuously, inasmuch as the great 
value of such a plant lies in its use as an irrigation 
apparatus; it is only necessary that the plant run 
about eight hours daily. It must, however, consist of 
units which may be assembled to produce a power 
plant of any required size, the larger the plant the 
greater the efficiency. It is entirely practicable to 
produce a sun-power plant in this manner up to 10,000 
horse-power and over. An ideal plant must be subject 
to little accident; hence, it must lie near the ground 
in order not to be affected by storms and winds. Each 
unit must be repairable without stopping the opera­
tion; construction must be simple and easily under­
stood by the ordinary steam engineer; and wear and 
tear must be reduced to a minimum. 
The first cost ·of a -sun-power plant to be practical, 
and of commercial value, must be sufficiently low so 
that the interest on the investment does not make it 
unprofitable. This is the. rock on which, thus far, all 
sun-power propositions were wrecked. It is not neces­
sary that the cost of the sun heat absorber shall be 
as low as that of a steam boiler and fitting of the 
same power. The cost of the plant descrf,bed herein 
is twice that of the o-rdinary steam-power plant of the 
same size. This price is sufficiently low, ];lowever, so 
that even if the extra interest is taken into considera­
tion, the faet that after installation no fuel is required, 
is such an enormous advantage as to entirely offset the 
increased cost, and in addition cause great profits. 
Some ten years ago the writer became Interested In 
the problem of obtaining power by absorbing the sun's 
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rays. It was found, by experiment, that if a vessel 
were so arranged that the sun's rays could impinge 
upon it, and if all heat losses by conduction, convec­
tion and radiation were prevented by a theoretically 
perfect method of insulation, the temperature within, 
the vessel would rise certainly to a thousand degrees 
Fahrenheit without any attempt being made to con­
centrate the rays of the sun. For commercial pur­
poses it is impossible to secure any form of insulation 
which would even approach the theoretical. Com­
mercially, the main object is to produce practical 
power at a minimum cost, and this has been done by 
the use of well-known and cheap forms of heat insu­
lation. 
Were no steam made in these vessels, as the.y are 
arranged in the present plant, the temperature therein 
would go up to 350 deg. F. in latitude 40 north, pos­
sibly easily to 450 deg, F, near the equator. The pro­
duction of steam at atmospheric pressure, however, 
keeps the temperature in the vessels down to 212 de­
grees; and whatever excess of heat is produced by the 
sun's rays over and 'above that lost, is converted into 
steam, and may therefore be utiHzed. 
The experience of additional years will, no doubt. 
lead to designs considerably better than this first at­
tempt on a commercial scale. Sun power must go 
through the same long and gradual course of develop­
ment that has brought other forms of mechanical 
power to the present high plane of efficiency, but the 
principle will remain fundamentally correct. 
With this idea in mind the first Shuman -generator 
was built. It consisted of a wooden box covered by 
two layers o f  glass, between which was a small air 
space, and in the box was placed a miniature ether 
boiler. This apparatus was exposed to the sun's rays, 
the ether distilled, and the amount of heat which 
might be absorbed was determined. As an experiment, 
a small toy engine was successfully run with this 
original apparatus. A second generator consisted of 
a 2-inch steam pipe 16 feet long, insulated at the bot­
tom, and inclosed in a box covered by a double layer 
of glass. Here again ether was distilled, and the num­
be.r of heat units absorbed were determined. A third 
type of power plant was composed of a bed of water 
pipes properly insulated against heat loss, the unit 
being 18 x 60 feet, and the motor being an ether en­
gine. With this apparatus 3% horse-power was ob­
tained. With the knowledge so gained, the present 
generator, to be described below, was gradually 
evolved. 
The sun-power plant in its present development con­
sists of the absorber, a low-pressure steam engine, 
condenser, and auxiliaries. 
The absorber, in a general way, is composed of a 
series of units, each containing a flat metal honey­
comb water vessel rectangular in shape, and resem­
bling closely' a large waffle. This vessel is inclosed in 
a fiat wooden box covered with two layers of glass 
having a I-inch air space between them, and having 
the under surface of the box insulated against heat 
loss downward by a 2-inch layer of regranulated cork 
and two layers of water-proof cardboard. 
The boxes are mounted on supports which_elevate 
them some 30 inches above the ground, a'nd which 
permit them to be inclined perpendicular' to the sun 
at the meridian. These adjustments of the inclina­
tion need only be made about once in three weeks. 
Plane mirrors of cheap construction are mounted 
on two sides of the boxes in order that more rays 
of the sun may be absorbed and refieeted upon the 
f\urfaee of the water vessel. This latter Is connected 
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at one end to a feed pipe from the water supply, and 
at the other end to a steam pipe. The steam pipes 
from the various units are connected together and 
empty into a main 8 inches in diameter in the present 
plant, which conveys the steam to the engine. 
The engine is a new type, low pressure, reciprocat­
ing steam' engine of great steam economy. Connected 
with it is a condenser of ordinary type and auxiliaries 
such as may be found in any condenSing plant. The 
water from the condenser is pumped back into the 
absorber, thus insuring a continuous closed circuit 
whose only water loss is from accidental leakage, 
which is carefully guarded against. 
The power of this first plant is used for pumping 
water by means of a reciprocating steam pump of 
the ordinary type, and whenever the. sun has shone 
during the past six weeks, this Illant has pumped 
water successfully and practically.' The capacity of 
the present plant, in this latitude, is 3,000 gallons of 
water per minute., lifted to a height of 33 feet. 
From actual tests made in Philadelphia in August, 
1911, it was found that from the absorber of 26 banks 
of units, each containing 22 single units and having 
a light absorptive area of 10,296' square feet and an 
actual area of 5,148 square feet, the.re could be de­
veloped during eight hours 4 ,825 pounds of steam. 
The power produced was much lower than normal to 
the, plant, as it was built for tropical use and was 
entirely unfitted for commercial work in northern 
latitudes. 
It is found by observation that the steam generated 
in a sun·power plant is reduced largely by humidity 
and the presence in the air of smoke, haze, etc. It 
follows, then, that the efficiency will be greatly in­
creased when the apparatus is tested in a dry climate 
free from atmospheric impurities attendant upon 
proximity to a large city. The plant was set up at 
Philadelphia, not because it was considered to be a 
commercial thing there, but because the nece.ssary ex­
perimenting with a new plant thousands of miles from 
home would have been exceedingly e.xpensive. Within 
. a month or two this plant will be taken down and 
erected in Egypt. This can be conveniently done, as 
the entire heat absorber is practically portable. 
Again. the loss of heat by conduction and convec­
tion in northern latitudes is enormous. If the present 
apparatus is placed in an average air temperature of 
100 deg. F., such as obtains throughout all equatorial 
regions, it is safe to assume that the power will be 
multiplied three-fold. 
Having described the mechanism of the sun-power 
plant, it remains to discu!1s the opportunities for its 
use. The immediate opportunities for sun power are 
in those regions in the tropics where the sun practi­
cally shines throughout the year, and fuel is very ex­
pensive, coal costing in some localities $30 per ton. 
There is room now for at least half a million horse­
power in such tropical fields as the nitrate district of 
Chile, the borax industry in Death Valley, and for 
general purposes in places where the outside tempera­
ture mns .from 110 to 140 degs. F. 
As an irrigation engine there is no limit to the 
amount of . power ,that can be practically utilized; 
and for this purpose the conditions need not be so 
very favorable as those mentioned above. Through­
out most of the tropical regions snn power will prove 
very prOfitable in irrigation. One advantage of the 
sun power, or, In fact, of any condensing plant for 
Irrigating purposes, Is that the water used for the 
condenser costs nothing, as the main output of the 
engine can be passed through the condenser first be· 
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fore entering the irrigating canals for distribution. 
. The interior of Australia was, at one time, a fertile 
country, as is evidenced by the fossilized trees. Here 
is an area of some 600 miles in each direction which 
is E'ntirely valueless. During a drought there have 
been times when one-third of the sheep raised on the 
I1largi ns of this desert died from thirst, causing great 
financial loss. In this locality the sun shines with an 
intensity sufficient to produce an average daily 
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sorber in question is about double that of a first-class 
boiler plant of equal power. 
The great economy occurs in the item of fuel. In 
districts especially suitable for sun power the cost of 
coal, or its equivalent, is usually very high, the price 
ranging generally from $10 to $30 per ton. To offset 
this, no fuel at all is required by the sun heater. 
In the matter of maintenance and repairs also the 
advantage lies with the sun power. It is estimated 
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of glass needed replacement, these being a(:cidentally 
broken. 
There is now being tested out a celluloid-like ma­
terial having all the necessary pro]J€rties of glass and 
being flexible and capable of manufacture in large 
sheets. The use of this substance will not only greatly 
reduce the cost of installation of sun-power plants, but 
w ill make repairs a factor of but slight importance. 
It may also be said that the large area covered by 
the sun-power plant would add greatly to the eX]J€nse, 
but inasmuch as these plants are intended for use 
where the cost of land is very low, such criticism is 
not valid. 
The future development of solar power has no limit. 
Where great natural water powers exist, sun power 
cannot com]J€te; but sun-power generators will, in the 
near future, displace all other forms of mechanical 
power over at least 10 per cent of the earth's land 
surface; and in the far distant future, natural fuels 
having been exhausted, it will remain as the only 
means of existence of the human race. 
The Current Supplement 
Front view of engine, auxiliaries and water pump. 
T HE rumor of the birth of synthetic rubber makes us look with renewed interest at those industries 
in which India rubber is worked up into various 
articles. A review of the Present Status of the Rub­
be.r 'Industry forms one of the principal topics in the 
current SUPPLEMENT, No. 1865.-The fifth instalment 
of Prof. Turner's article on The Great Star Map con­
tinues his discussion of the subject of star positions.­
The length and character of wood fibers is a subject 
of interest both to the botanist and to those who 
carry on industries using wood as a raw material. 
The subject is discussed in a brief illustrated article. 
-Every now and again a seemingly new disease be­
comes fashionable. A case of this kind is appendi­
cHis, which for some years past has sprung into re­
markable prominence. The question naturally arises, 
is it really a new disease, or if not, how came it to 
escape our notice until recently? The discussion of 
this question by a French physician has appeared in 
Cosmos, and, is reproduced in this paper.---.A striking 
new development, along the lines of Lodge's classical 
experiments on 'Fog Dissipation, comes -to us from 
California, , where 'Prof. Cottrell has sllccessfully 
applied electricity for the precipitation of fumes oc­
curring .in manufacturing processes. The report of 
his work,' abridged from the Journal at Industrial 
Chemistry, is incorporated in the current issue.� 
The economies resulting from the use of lifting mag­
nets in foundries are expounde.d by H. F. Stratton.­
A simple electroplating apparatus is described.-A. 
Emerson tells 'of a newly discovered portrait of Con­
stantine the Great.-Two short articles are devoted to 
phases in the plant industry, the one on the recovery 
of useful products from willow bark, the' other' on a 
device for testing cereals for their resistance to dis­
ease.-T'he second instalment of F. P. Valentine's 
valuable paper on Problems in Telephone Traffic En­
gineering appears in this issue. 
tem]J€rature of 100 to 140 degs. F. The occa· 
sional rains nourish the sparse vegetation necessary 
for sheep, which are watered from wells driven in the 
ground and pumped, generally by horse power, very 
often by hand, and sometimes by means of fuel oil, 
which, by the time it reaches its destination, brings 
the coal equivalent up to some $20 per ton. By build· 
ing sun engines in this region, and pumping from the 
�lways present underground water which in tbis re- . 
gion lies at a depth of from 15 to 40 feet, this country 
can be m�de productive and valuable. 
Throughout Eastern India and Ceylon many thous­
ands of square. miles of farm land can be improved 
three-fold by mechanical irrigation. Hand pumping 
is mainly the present form of irrigation used. 
In Egypt agriculture depends entirely upon irriga­
tion furnished by the River .. Nile through its periodic 
overflow. The English government built the Assuan 
Dam at an enormous expense, and widened the irriga­
ble area about half a mne on each side of the Nile, 
thus adding greatly to the tillable portion of Egypt. 
Of course, when the Nile is in flood infinit,ely more 
water than necessary is furnished; but the demand 
is for a supply which can be depended on from day 
to day, especially at seasons of low water. This sup­
ply at present is furnished by the hand labor of some 
100,000 fellaheen who pump by mean's of the shadoof 
method. One sun engine, such as is now erected in 
Tacony, will do the work of about a thousand of these 
laborers. 
Throughout Arizona, Nevada, New Mexico and 
Southern California there is room for any amount of 
power for irrigating purposes alone. These States 
show an average of 90 per cent sun light, and the 
cost of fuel is practically prohibitive in most of this 
region. 
To summarize all of the above statements, it may 
be assumed that 10 per cent of the earth's land surface 
will eventually depend upon sun powe.r for all me­
chanical operations. Given inexhaustible power, 
whieh is, of course, always obtainable from the 
'sun, 
and utilizing the nitrogen in the air for fertilizer in 
the form of nitrates and such compounds as calcium 
cyanamide, the human race will be enabled to draw 
directly on the source of all life for power and sus­
tenance. 
A question of paramount importance in the possi­
bilities of a general use of sun power is the cost of 
the apparatus. 
In the Shuman type of sun-power plant, the engine, 
condenser and auxiliaries are similar to those in daily 
use by steam plants, and may therefore be eliminated 
from comparison; leaving the absorbe,r and the or­
dinary steam boiler alone to be compared. It is found 
that at this time the initial cost of the sun-heat ah-
that the repairs should not be in excess of 5 per cent 
per year on the initial cost, inasmuch as the apparatus 
works at low temperature, while the ordinary boiler 
requires flue gases up to 2,500 degrees. This wear of 
the parts must manifestly be much greater in the 
latter form of power plant. 
Many parts of the sun-power plant, such as the, 
metal heaters, piping, foundation and insulation, are 
practically everlasting, barring accidental breakage, 
the only item of repair being the wooden frames and 
glass covers; and it is found that after an instailation 
or glass has onc·e been tested out by the heat, and the 
badly annealed sheets replaced, the remainder will last 
for years. This was e.videnced by the small 18 x 60 
feet heater in operation for three years in Philadel­
phia. There was a replacement of about 10 per cent 
necessary during the first three weeks; thereafter the 
hE'ater ran three seasons and only two or three sheets 
Safety valve blowing off at one-half pound above atmosphere. 
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